Abstract: Juniperus communis L. is increasingly threatened in many parts of Europe, including the Baltic region. Our present study was aimed at evaluation of genetic diversity of J. communis populations of Lithuania. Fourteen selected populations differed in geography and habitats (coastal brown dunes covered with natural Scots pine forests, further referred as B; J. communis shrubs, F; transition mires and quaking bogs, D; subcontinental moss Scots pine forests, G; xero-thermophile fringes, E). Molecular variance was analyzed among populations (140 individuals, in total), employing 14 Inter Simple Sequence Repeat (ISSR) markers. Percentage of polymorphic loci differed between populations belonging to the different habitat type, being the highest for population representing habitat F (68.2%) and the lowest for populations D (42.9%). The data demonstrate the possibility to underestimate or overestimate this parameter if some habitat populations are bypassed. Means per population of Nei's gene diversity and Shannon's information indexes, were 0.158 and 0.239, respectively. Significant correlation between genetic and geographic distance of populations of J. communis was documented by Mantel test. Bayesian analysis of ISSR data has separated populations of Southern Lithuania from Northern part. Juniperus communis populations representing different habitats showed moderate interpopulation variance at ISSR loci. In ISSR-based dendrograms, individuals were correctly allocated to populations, even in case of populations growing in 0.5 km vicinity (habitats D and G). Among all populations the most distinct one was representing habitat of J. communis shrubs (F) protected by EUNIS. Principal coordinate analysis of weighted averages of Ellenberg's indicator values (EIV) for herbaceous species, separated populations according to habitat type, while the same type analysis of ISSR data allowed distinguishing E habitat populations from populations of all other habitat type but G. Our study shows that on the local (Lithuanian) scale, molecular variance between populations of J. communis at ISSR loci might be related to habitat type. For evaluation and preservation of diversity of J. communis, different assessment methods should be included and management strategies should be directed in the way to retain variety of habitats encompassing both widely spread and less common ones.
Introduction
Juniperus communis L. (common juniper) has one of the widest distribution areas among plant species (Adams, 2011) . Occurring in four continents with its European range spanning from Ireland to Russia and from Spain up to Scandinavia (Thomas et al., 2007) , J. communis is threatened in several regions in Europe (Verheyen et al., 2009; Gruwez et al., 2013) . It is one out of three conifer species naturally growing in Eastern Baltic States and is important from both ecological and economical points of view (Marozas et al., 2007; Vaitkevičiūtė et al., 2011b; Labokas & Loziene, 2013) . In this region, as documented only within the last 10 years, vitality of J. communis has worsened (Vaitkevičiūtė et al., 2011a; 2011b) . This might be related to the fact that reproduction decreases with the age and is critical when junipers are over seventy (Ward, 1982) .
Molecular studies of Juniperus genera started from isoenzyme analyses and are still ongoing (Oostermeijer & Knegt, 2004; Boratyński et al., 2009; Hantemirova et al., 2012) . Genetic diversity of Juniperus species has been most extensively examined by RAPDs (Adams & Demeke, 1993; Adams et al., 2003; Adams, 2011; Dzialuk et al., 2011; Kasaian et al., 2011) in comparison to other molecular markers like microsatellites (Provan, 2008; Michalczyk et al., 2006; Douaihy et al., 2011; Sobierajska et al., 2016) or Amplified Fragment Length Polymorphism (Van der Merwe et al., 2000; Rumeu et al., 2011) .
Complementary to RAPDs, other dominant markers -Inter Simple Sequence Repeats (ISSRs), are increasingly being used since they have higher specificity (Silva et al., 2011) and are less prone to laboratory conditions (Meloni et al., 2006) . Several juniper species growing in Europe from the sect. Juniperus and sect. Caryocedrus, were compared by ISSRs (Adams et al., 2003) . A few studies were devoted for evaluation of molecular diversity within juniper species: ISSR markers were applied for J. brevifolia (Lima et al., 2010; Silva et al., 2011; Bettencourt et al., 2015) and J. phoenicea populations (Meloni et al., 2006) . Prior to our study, the only available information about J. communis obtained by RAPD markers came from Scotland (Adams, 2011) and Iran (Kasaian et al., 2011) , while ISSR data for this species are still missing.
Molecular diversity of populations of natural Eastern Baltic conifers such as Pinus sylvestris and Picea abies, have been investigated by dominant markers (Zvingila et al., 2002; Areskeviciene et al., 2005; Androsiuk & Urbaniak, 2014) . Up till now, studies on genetic diversity of J. communis populations employing ISSRs for Lithuania and other neighboring countries are lacking. In Eastern Baltic area the surveys on this species so far have been focused on radial growth (Vaitkevičiūtė et al., 2011a) and profiles of essential oils (Butkiene et al., 2006; Labokas & Loziene, 2013) .
On the European scale, there are around forty habitats, where J. communis presence is documented (Davies et al., 2004) , while on the Baltic States scale this number is lower. In Lithuania the most prevailing habitat type for J. communis is subcontinental moss Scots pine forests which are encountered throughout the country. The second most frequent juniper habitat type is xero-thermophile fringes populations, which are mainly situated in the Central and Southern parts of Lithuania. Areas of Juniperus communis shrubs and coastal brown dunes covered with natural Scots pine forests in Lithuania are very small, while transition mires and quaking bogs are very atypical and rare junipers habitats in the country.
Analysis of genetic diversity is crucial source of information about the state of juniper populations in Lithuania, prompting the best measures for selection and other landscape management programs. Our present study was aimed at evaluation of genetic diversity at ISSR loci of J. communis populations in Lithuania with particular emphasis on habitat type. To our best knowledge, this is the first study that investigates the genetic structure of this part of species range in relation to habitat type.
Materials and Methods

Study sites
Fourteen locations of Juniperus communis L. were selected in the way to represent different habitats and to cover all the territory of Lithuania. Location of most populations and their habitat type was well known from the former dendrological and biochemical research (Vaitkevičiūtė et al., 2011a; 2011b; Labokas & Loziene, 2013) . Populations were entitled according to location (the number) and habitat type (the first letter of the habitat code, following classification of Davies et al., 2004;  Table 1 ). Geographic distances between sites ranged from 46 to 339 km. In addition to the scattered through the country populations, two couples of neighboring (0.5 km distance) populations (3 D -4 G and 7 G -8 D) representing distinct habitats were included. To relate molecular data with climate, meteorological data of 2010-2015 year (Table 1) were taken from the stations closest to the sampling sites. Sampling was carried out in the 3 rd decade of June, 2012. Inside each population juniper shoots were taken from the middle part of the crown from 10 female plants growing at least 10 meters apart from each other (Gruwez et al., 2013) . J. communis is dioecious species, to make material as adequate as possible, only one sex plants were col-lected. For medicinal and other economic purposes juniper seeds are the most often used, that is why female individuals, 140 in total were sampled for DNA analyzes.
In order to relate molecular data with habitat types, at each site herbaceous species composition was recorded and abundance of each species was evaluated by percentage cover. The values of the environment (light, temperature, continentality, soil moisture, reaction and nitrogen) at the sites were estimated, using species indicator values (Ellenberg et al., 1991) in proportion to species percentage cover (present at the site), using weighted average method (Jongman et al., 1995) and summarizing separate factor data by principal component analysis.
DNA extraction, PCR and ISSR analysis
Total genomic DNA was isolated using modified CTAB method (Doyle & Doyle, 1990) , with details followed that of Areskeviciene et al. (2005) . Current-year needles (0.5-1.0 mg) detached from each individual were ground in the liquid nitrogen and transferred to 1 ml extraction buffer which was prepared following proportions: 0.4 ml 0.5 M EDTA, 1 ml 1 M (pH = 8.0) TRIS (Amresco, USA), 2.75 ml 5 M NaCl, 2 ml (1%) CTAB (Carl Roth GmbH+Co. KG, Germany), 0.02 ml β-mercaptoethanol (BME, Carl Roth GmbH+Co.KG, Germany), 10 mg polyvinylpyrrolidone-30 (PVP-30; Carl Roth GmbH+Co. KG, Germany), 1.83 ml distilled water. Other details of DNA extraction corresponded to the method cited above. The quantity and quality of DNA was assessed by electrophoresis in 1.5% agarose gel and by NanoDrop spectrophotometer (Thermo Fisher Scientific, USA).
The ISSR markers were selected following Adams et al. (2003) . For ISSRs assessment 15 oligonucleotid primers were tested and later on 14 were used for the final population analyses ( Table 2 ). The polymerase chain reaction (PCR) was carried out in 15 µl volume containing 20 ng of genomic DNA, 0.6 unit of recombinant Taq DNA polymerase (Thermo Fisher Scientific, Lithuania), 1.5 µl 10 X Taq reaction buffer (750 mM Tris-HCl (pH 8.8 at 25 °C), 200 mM (NH 4 ) 2 SO 4 ; 0.1 (v/v) Tween 20), 1.2 mM MgCl 2 , 0.2 mM of each dNTPs, 0.36 µM primer (Metabion International AG, Germany) and 15 ng BSA. The ISSR-PCR was performed with a PeqStar Thermocycler (Peqlab, Germany). Following PCR steps included: initial denaturation at 94 °C (1.5 min) followed by 40 cycles of denaturation at 91 °C (1 min), annealing at 53 °C (2 min), extension at 72 °C (2 min), and with two additional steps for final extension at 50 °C (2 min) and 72 °C (5 min). We could obtain PCR reaction only after increasing primer annealing temperature up to 53 °C, which is higher than 50 °C that was used in the study cited above. PCR products were separated by electrophoresis on 1.5% agarose gel run (120 min) at 5 V/cm in 1X TBE buffer, stained with ethidium bromide. Photographs were taken under UV light using GelDoc-It2 Imager (UVP, USA). All samples were analyzed at least twice in separate PCR runs. Selected samples from the former analyses as a size reproducibility measure were included into subsequent PCR set with new individuals. The size of DNA fragments was estimated according to gene ruler (Gene Ruler TM 100 bp Plus DNA Ladder). 
Statistical analysis
The amplified DNA fragments were treated as dominant markers and regardless of their intensities (Sanchez-Gomez et al., 2013) scored as presence ('1') and absence ('0'). Molecular diversity parameters within populations, genetic differentiation (G ST ) and G ST -derived gene flow (N m ) were calculated using PopGene v. 1.31 (Yeh et al., 1999) . Populations were compared according to Nei's unbiased genetic distances (GD; Nei, 1978) . To estimate variance components partitioned within populations and among populations AMOVA in Arlequin v. 3.1 (Excoffier & Lischer, 2010) was performed. In addition, hierarchic AMOVA was carried out grouping populations according to their geographic region or habitat type. Significance of correlations between genetic and geographic distances (Mantel test) and principal coordinate analysis (PCoA) were done in GENALEX program, v. 6.5 (Peakall & Smouse, 2012) . Dendrogram of genetic relationships among individuals of populations was constructed by TREECON program v. 1.3 (Van De Peer & De Wachter, 1994) . A Bayesian cluster analysis was performed using admixture ancestry model within STRUCTURE v. 2.3.3 (Pritchard et al., 2000; Falush et al., 2003) . Probable number of population clusters (K) was set from 1 to 14. K-values were simulated across 20 replicate runs of 1 000 000 iterations after a burn-in period of 100 000. The ΔK method of Evanno et al. (2005) 
Results
Average indicator values of herbaceous species in proportion to species percentage cover have revealed the following characters of J. communis sites: ranges of the minimum and maximum values were as follows, light -5.70-7.31 (populations 7 G -11 E), temperature -3.00-5.82 (1 B -10 E), continentality -3.71-5.26 (11 E -3 D), soil moisture -4.18-7.79 (6 G -3 D), soil reaction -2.71-7.40 (1 B -11 E), soil nitrogen -2.18-4.39 (6 G -13 E). Principal component analysis performed on these values for each site (Fig.  1 ) separated populations into three main clusters: one cluster, comprising populations 9 E, 10 E, 11 E, 13 E, the second cluster, comprising populations 3 D, 8 D and the third cluster, comprising eight populations 1 B, 2 F and 4 G, 5 G, 6 G, 7 G, 12 G, 13 G populations. temperature, continentality, soil moisture, reaction and nitrogen values for each site. Average EIV of neighbouring herbaceous species in proportion to species percentage cover were plotted for each site In our study the number of DNA fragments generated by separate ISSR primers ranged between 17 (by primer 825) and 30 (by primer 857), with a mean of 22.9. As an average 9.2 fragments were generated per primer per population. For all individuals the total number of the fragments was 321 (Table 2) . At the species level all DNA fragments were polymorphic. The number of polymorphic fragments per population ranged between 122 (for 6 G population; Table  3 ) and 219 (for 2 F population). Among 14 populations the percentage of polymorphism ranged between 38.0 and 68.2, mean being 47.1. Inter Simple Sequence Repeat loci related polymorphism of populations belonging to distinct habitat type was the lowest for D and G habitats, intermediate -for B and E habitats and the highest for F habitat. For the indexes of Nei's gene diversity and Shannon's information, means per population were 0.158 and 0.239, respectively, with minimum and maximum values ranging in the intervals, 0.119-0.225 and 0.183-0.343. According to the indexes of Nei's gene diversity and Shannon's information the most contrasting populations were also from different habitats.
AMOVA showed that genetic diversity among populations was 44.1%, and among individuals within populations it amounted to 55.9%. Nei's (1978) genetic distances (GDxy) between populations ranged in the interval 0.139-0.317, mean of genetic distances for all pairs of populations was 0.217. For paired populations (growing in 0.5 km distance to each other) genetic distances were minimal (0.139 between 7 G and 8 D populations and 0.144 between 3 D and 4 G populations). In the dendrogram obtained from ISSR data for individuals, all the plants were correctly allocated to their sampling sites (Fig.  2) . The dendrogram consisted of two main branches, one of them (I) represented individuals from the population 2 F. The second branch was split into two 2 nd order branches: II-1 consisted of individuals from two populations (13 E and 14 G), II-2 contained remaining (11) populations very distinct in geography (representing all locations of Lithuania -East and West, South and North) and habitats (representing four habitat types -B, D, E, G). Principal coordinate analysis of ISSR data (Fig.  3) revealed importance of the first three axes which described respectively 16.59%, 11.86% and 11.15% (sum being 39.6%) of the total genetic diversity of populations. In the two-dimensional plot of the PCoA (1 st and 2 nd variable axes) there were two big groups of populations: the 1 st group was formed by 8 populations (1 F, 2 B, 3 D, 4 G, 5 G, 6 G, 7 G and 8 D) and the other group encompassed 6 populations (9 E, 10 E, 11 E, 12 G, 13 E and 14 G).
Among Lithuanian populations of J. communis mean value of Nei's coefficient of genetic differentiation (G ST ) was 0.491 and the mean value of gene flow (N m ) was 0.518. Bayessian analysis of ISSRs data (Fig. 4) has suggested the presence of either 7 clusters (the highest ΔK value) or 2 clusters (with the next, very close to the highest ΔK). Most genes of populations 1 F, 2 B, 3 D, 4 G, 5 G and 6 G belonged to the first cluster and genes of the populations 9 E, 10 E, 11 E, 12 G, 13 E and 14 G mainly belonged to the second cluster. Two populations (7 G and 8 D) contained meaning parts of both cluster genes. Mantel test showed significant (p < 0.01) correlations (r = 0.503) between genetic and geographic distances of populations of J. communis. Correlations between population molecular parameters and climate parameters (listed in the Table 1) or altitude, were not significant. For hierarchic AMOVA (Table 4) populations were subdivided into 2 groups: northern (NLT) and southern parts (SLT), as it was prompted by principal coordinate analyses (Fig. 3) . In case of such grouping, 6.2% of molecular variance was significantly related to differences between these parts of Lithuania. Populations were also subdivided according to the habitat type into: a) 5 groups repre- senting all distinct habitats, b) 2 groups, separating populations of subcontinental moss Scots pine forest as prevailing habitat from populations representing all other 4 types of habitats. For these cases hierarchic molecular variance between the groups was not significant (these data are not provided in the table).
Discussion
Significant part of Juniperus surveys is devoted to relate DNA polymorphism and essential oils (Adams, 2011; Filipowicz et al., 2006) . Influence of external factors on genetic diversity of the junipers including geographical proximity (Oostermeijer & Knegt, 2004; Sobierajska et al., 2016) , long-term evolution (Hantemirova et al., 2012; Filipowicz et al., 2006; Meloni et al., 2006; Boratyński et al., 2014) has been shown in previous studies. However, there are only few studies where habitat-related peculiarities are mentioned: association between ISSR-related data and habitat type of populations have been described for J. brevifolia populations from the Azorean archipelago (Silva et al., 2011) and J. communis from Wales and England (Van der Merwe et al., 2000) .
In previous dendrological or biochemical studies of Lithuanian junipers different habitat types have been analysed (Vaitkevičiūtė et al., 2011a; 2011b; Labokas & Loziene, 2013) . Our present study confirmed habitat-related differences of populations according to the indicatory values of herbaceous species (Ellenberg et al., 1991) , growing besides J. communis. Principal component analysis of Ellenberg indicatory values for each site, has subdivided populations into three clusters (Fig. 1) : the 1 st cluster, comprising all populations of xero-thermophile fringes (E), the 2 nd cluster, comprising populations of transition mires and quaking bogs (D) and the 3 rd cluster, inside which populations of subcontinental moss Scots pine forests (G) were slightly separated from two other populations, one representing Juniperus communis shrubs (F) and the other population of coastal brown dunes covered with natural Scots pine forests (B).
South-Eastern part of Lithuania is the most densely covered area by junipers (Vaitkevičiūtė et al., 2011a) with prevailing subcontinental moss Scots pine forest (G) habitat type. The analysis of this single habitat type populations might have shown smaller values of polymorphic DNA, compared to the mean obtained for the all habitat type junipers. If selection of populations bypasses some habitats, this parameter of DNA could be underestimated or overestimated. In our study, polymorphism at ISSR loci differed 1.6 times depending on habitat of population, being the lowest for D and G habitats, intermediate -for Meloni et al., 2006) or lower when compared to J. brevifolia studies (67%, Silva et al., 2011; 69.7%, Bettencourt et al., 2015) . Moderate percentage of polymorphic DNA of Lithuania populations of J. communis might be due to several reasons. Intensive road building and urbanization during former century has strongly fragmented habitats. As reported in other countries (Oostermeijer & Knegt, 2004) , such process had negative effect on density of junipers. Air pollution effects described for Picea and Pinus genera, demonstrate high sensitivity of conifers to air pollutants and ammonia in particular (Krupa, 2003) . The increase in agriculture activities also contributed to segregation of former widespread species (Van der Merwe et al., 2000) . Within 1950s-1980s intensive animal husbandry has been established in Lithuania (www.am.lt). Despite overtopped agriculture, the effects of animal husbandry on junipers and other conifers has not been investigated; however, many woodmen consider it as one of the major reasons of juniper decline in some parts of Lithuania. It is worth pointing out that expressed genetic drift in sparse populations might influence interpopulation genetic diversity (Van der Merwe et al., 2000) . Restricted gene flow (N m = 0.518) of junipers that was documented in our study might be related to highly fragmented habitats in our country.
Level of between population variability (AMOVA analysis) at ISSR loci of J. communis (44.1%) in Lithuania was moderate. It is in agreement to 45% among population variability documented for endemic populations of J. brevifolia from the Azorean archipelago (Silva et al., 2011) , where different habitat populations were compared (lowland coastal populations displayed a significantly higher diversity than the mountain populations). In the surveys where habitat types were not mentioned for selected sites, interpopulation variability at ISSR loci for populations was lower: for J. phoenica -12% (Meloni et al., 2006) and for J. brevifolia 7% (Bettencourt et al., 2015) . Direct comparison of separate studies is difficult due to numerous factors, influencing genetic diversity (species breeding system, geographical range, etc.; Sanchez-Gomez et al., 2013) . Distinct ISSR primer sets applied in different investigations might also be one of the reasons in result bias: all seven primers used for J. brevifolia by Silva et al. (2011) were the same as in our examination, while only three primers corresponded to the ones used in J. brevifolia survey (Bettencourt et al., 2015) . Both (RAPD and ISSR) dominant markers showed rich allelic diversity in J. brevifolia accessions and a moderate genetic similarity (Lima et al., 2010) . According to isoenzyme analysis of 35 populations of J. communis L. from Russia, only 12% interpopulation variability was observed in case of all chosen loci (10), at the same time, for separate two loci, 6-Pgdh-B and Fdh, 23 and 30% of genetic variability were distributed between populations (Hantemirova et al., 2012) . For J. phoenicea the level of genetic differentiation according to 17 isoenzyme loci was high, indicating about 43% of the genetic variation between populations (Boratyński et al., 2009) .
Principal coordinate analyses at ISSR loci (Fig. 3 ) clearly separated populations according to the geographic location: more northern part of Lithuania (eight populations) and more southern part of the country (six populations). The bigger the geographic distance between populations, the greater differences might be expected in terms of climate and/or edaphic factors. For Lithuanian populations of J. communis Mantel test showed significant moderate correlation between geographic and ISSR-based genetic distances and all individuals were correctly allocated to their populations by cluster analysis. ISSR data of J. brevifolia showed no statistically significant genetic structure by geographic distance (Bettencourt et al., 2015) , while low correlations were detected comparing ISSR and geography variables for the other conifer genera (Sanchez-Gomez et al., 2013) .
According to the set of climate parameters (sum of T° in summer, when day T° is higher than 10°; mean of absolute minimum T°; annual rainfall mm; snow coverage in days; sum of days without frosts) Lithuania is subdivided into four climatic regions, with evident West-East and North-South differences. Hierarchic AMOVA and Bayessian Structure analysis show that molecular variance of populations of J. communis at ISSR loci might be associated with the climate of Lithuania. AMOVA showed small, although significant differences (6.2% of molecular variation; Table 4 ) between populations of J. communis, subdivided into northern (1 B, 2 F, 3 D, 4 G, 5 G, 6 G, 7 G, 8 D) and southern (9 E, 10 E, 11 E, 12 G, 13 E, 14 G) parts of Lithuania. Principal coordinate and Bayessian analyses of ISSR data also supported geography related differences of J. communis populations. Our data are in agreement with phenological differences between northern and southern parts of Lithuania observed for other species (Romanovskaja et al., 2009 ). Genetic differences of juniper populations in northern and southern Lithuania might be partially related to different habitat sets in these parts of the country. In other studies, accessions of J. brevifolia (Lima et al., 2010) were also grouped according to their geographical origin. Both geographical and habitat elements might be underpinned in the studies of genetic diversity: edaphic, climatic and some other factors might affect genetic diversity of juniper populations of highland zone in Wales and chalk hills in South England located far away (Van der Merwe et al., 2000) .
Two sets of geographically coupled (growing in 0.5 km distance) populations (3 D and 4 G, also 7 G and 8 D) occurring in different parts of Lithuania were chosen to evaluate the influence of edaphic environment on molecular variance. According to the appearance of junipers and polymorphic DNA percentage, subcontinental moss Scots pine forest was a more favorable habitat compared to transition mires and quaking bogs. In the UPGMA based dendrogram, all individuals from the paired populations have been correctly separated into different clades (Fig. 2) . It was true in case of both selected pairs of habitats. These data point out that edaphic factors, like soil humidity, acidity and nitrogen in long-term survival of population might be related to ISSR loci. In addition, pollen and seed dispersal might be different due to different morphology and composition of neighboring species. A Dutch study suggested to separate juniper seeds collected in heathland and calcareous grassland populations, because the substrate was very different (Oostermeijer & Knegt, 2004) .
In the ISSRs based dendrogram (Fig. 2) the most distinct population in Lithuania was Juniperus communis shrubs representing the area protected by EUNIS (2 F; Davies et al., 2004; EEA, 2015) . According to principal coordinate analysis populations of E habitat type differed from populations of the other (B, F, D) habitat types, but not G type. Previous studies have also shown that differences in genetic diversity (h) between populations were significant only for populations representing the most contrasting habitats: the lowland coastal populations displayed a significantly higher diversity than the mountain populations, while forest and pioneer shrub populations did not differ from both above mentioned populations (Silva et al., 2011) .
Recent ongoing severe climate fluctuations create new unfavorable survival scenarios for weaker individuals of the species (Verheyen et al., 2009 ). Comparison of 42 populations of J. communis across Western Europe showed negative correlation between vitality of the seeds and mean temperature of vegetation season. Despite more northern location of Lithuania in the continent, heat extremes in July, 2014 as well as two severe drought episodes in the summer of 2015 were registered in the country (www.meteo. lt).
Anthropogenic pressure on the areas of valuable landscapes is growing. Infrastructure for rural tourism is extensively being developed. Because of that, clear conservation strategies of forest management should be developed taking into account genetic peculiarities of existing habitat variety of junipers. Our data on J. communis populations from Lithuania adds valuable insights into the puzzle of genetic structure at ISSR loci in eastern-northern parts of Europe. These findings might also be a valuable source of information for the future breeding practice in Baltic States. We acknowledge, that other insights into genetic structure of populations from different habitats and extension of the study employing co-dominant molecular markers together with physiological and biochemical profiles is required in the nearest future. The selection of J. communis populations for our study was based only on variety of habitats and frequency of their distribution in rather small territory of Lithuania. Therefore, there is a need for large-scale observational studies covering a broader range of different habitats across Europe.
In conclusion, our study shows that molecular variance between populations of J. communis in Lithuania at ISSR loci might be related to habitat type. For evaluation and preservation of diversity of J. communis, different assessment methods should be included and management strategies should be directed in the way to retain variety of habitats encompassing both widely spread and less common ones.
